GRANT  NUMBER  DAMD17-95-1-5038 


TITLE:  HIV  Vaccines  Based  on  Novel  MULV-HIV  Fusion  Proteins 


PRINCIPAL  INVESTIGATOR:  Abraham  Pinter,  Ph.D. 

CONTRACTING  ORGANIZATION:  Public  Health  Research  Institute 

New  York,  New  York  10016 

REPORT  DATE:  July  1997 

TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  Commander 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Frederick,  Maryland  21702-5012 

DISTRIBUTION  STATEMENT:  Approved  for  public  release; 

distribution  unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


Bim  ws 


REPORT  DOCUMENTATION  PAGE 


burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  includino  the  time  for 
cofte?tion  ?Mnn!c; n  reviewing  the^collection  of  information.  Send  cornriSiV?^* 

information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate 


Form  Approved 
0MB  No.  0704-0188 


Davis  w3hwav  °S?eTi04^S  VVashlngton  Headquarters  Se^ices,  Directorate  Vorinl^ormation  Ooer  ReJorSr  i  Ifs  Je 

uavis  Mignwav,  auite  iZ04,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503, 


1.  AQEUOy  \}S£  OHVf  (Leave  blank}  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

July  1997 _  Annual  (26  Jun  96  ~  25  J\m  97) 


4.  TITLE  AND  SUBTITLE  5.  FUNDING  NUMBERS - 

HIV  Vaccines  Based  on  Novel  MULV-HIV  Fusion  Proteins 

DAMD17-95-1-5038 

6.  AUTHOR(S)  ^ 

Abraham  Pinter,  Ph.D. 


7.  PERFORMING  ORGANIZATION  NAMEIS)  AND  ADDRESS{ES) 

Public  Health  Research  Institute 
New  York,  New  York  10016 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 
Commander 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Frederick,  Maryland  21702-5012 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


11.  SUPPLEMENTARY  NOTES 


1 12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 


12b.  DISTRIBUTION  CODE 


Approved  for  public  release;  distribution  unlimited 


13.  ABSTRACT  M^ax/>77t//n  200  '  '  *  .  ■  | 

We  have  continued  our  efforts  to  develop  an  effective  HIV-1  vaccine  based  on  the  V1A^2  domain  of 
gpl20.  Studies  with  human  sera  and  with  antibodies  isolated  from  immunized  animals  have  shown  that 
the  V1/V2  domain  contains  highly  conserved  epitopes  that  can  act  as  potent  neutralizing  targets  for  a 
broad  range  of  primaty  HIV-1  isolates.  We  have  prepared  a  prototype  immunogen,  based  on  the  Case- 
A2  isolate,  that  contains  the  clade  B  V2  consensus  sequence,  and  have  shown  that  this  antigen  induces 
highly  crossreactive  anti-Vl/V2  antibodies  in  both  rats  and  macaques,  and  that  specific  fractions  of  the 
rat  antibodies  possess  potent  cross-neutralizing  activity.  We  are  continuing  to  analyze  this  immunogen  in 
both  the  rat  and  macaque  models,  and  we  expect  to  further  analyze  the  humoral  responses  to 
immunization  with  this  protein,  including  the  isolation  of  monoclonal  antibodies  against  various  epitopes 
in  the  V 1/V2  domain.  Our  goal  during  the  coming  year  is  to  more  fully  characterize  the  epitopes 
mediating  the  potent  neutralization,  and  to  modify  the  immunogen  so  that  those  epitopes  are  presented 
more  specifically  and  efficiently.  The  macaque  immunizations  will  provide  sufficient  amounts  of 
antibodies  for  full  characterization,  and  will  ^so  allow  challenge  studies  to  be  performed  with 
appropriate  SHIV  strains. 


14.  SUBJECT  TERMS  |l5.  NUMBER  OF  PAGES 

18 

HIV- 1,  vaccine,  gpl20,  V1/V2  domain,  neutralization  epitopes,  antibodies  le.  price  code - 


17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACl 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

Unclassified  Unclassified  Unclassified  Unlimited 

NSN  7540-01-280-5500  Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are 
those  of  the  author  and  are  not  necessarily  endorsed  by  the  U.S. 
Army . 


_ _  Where  copyrighted  material  is  quoted,  permission  has  been 

obtained  to  use  such  material. 

_ _  Where  material  from  documents  designated  for  limited 

distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material . 

_  Citations  of  commercial  organizations  and  trade  names  in 

this  report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations . 

M.  In  conducting  research  using  animals,  the  investigator (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,"  prepared  by  the  Committee  on  Care  and  use  of  Laboratory 
Animals  of  the  Institute  of  Laboratory  Resources,  national 
Research  Council  (NIH  Publication  No.  86-23,  Revised  1985) . 

_ _ _  For  the  protection  of  human  subjects,  the  investigator  (s) 

adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 

_  In  conducting  research  utilizing  recombinant  DNA  technology, 
the  investigator (s)  adhered  to  current  guidelines  promulgated  by 
the  National  Institutes  of  Health. 

^ _  In  the  conduct  of  research  utilizing  recombinant  DNA,  the 

investigator (s)  adhered  to  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules. 

In  the  conduct  of  research  involving  hazardous  organisms, 
the  ''investigator  (s)  adhered  to  the  CDC-NIH  Guide  for  Biosafety  in 
Microbiological  and  Biomedical  Laboratories. 


PI  -  Signature 


Date 


Abraham  Pinter,  Ph.D. 


DAMD17-95- 1-5038 


Table  of  Contents 


Front  Cover . 1 

SF  298,  Report  Documentation  Page . 2 

Foreword . 3 

Table  of  Contents . 4 

Introduction . 5 

Body-  Progress  Report . 6 

Conclusions . 15 

References . 16 

Bibliography  of  publications  and  meetings  abstracts . 18 


4 


Abraham  Pinter,  Ph.D. 


DAMD17-95-1-5038 


DEVELOPMENT  OF  A  Vim-BASED  VACCINE  AGAINST  HIV-1 
Introduction 

There  is  presently  a  dearth  of  candidate  HIV  vaccines  that  are  considered  suitable  for  wide-scale 
testing  in  humans,  and  consequendy  there  is  much  pessimism  about  the  possibility  for  a  successful  vaccine  for 
HIV-1  in  the  near  future.  Whereas  live,  attenuated  viruses  may  provide  protection  against  more  pathogenic 
strains,  safety  considerations  are  likely  to  preclude  the  wide-spread  use  of  such  vaccines.  A  difficulty  with 
purified  envelope  subunit  vaccines  is  that  while  the  best  of  these  have  been  able  to  induce  neutralizing 
responses  against  the  vaccine  strain  and  related  laboratory-adapted,  T  cell-tropic  HIV-1  strains,  these  vaccines 
have  not  induced  neutralizing  responses  to  primary  viruses  and  clinical  HTV-l  isolates  (6, 1 1, 12).  This 
finding  may  be  related  to  the  general  resistance  of  primary  viruses  to  neutralization  by  sCD4  (1, 4), 
monoclonal  antibodies  (2, 14),  and  immune  sera  from  many  HIV-infected  patients  (3).  The  reason  for  the 
difference  in  sensitivities  of  primary  viruses  and  lab  isolates  is  not  clear.  It  has  been  suggested  that  epigenetic 
factors  related  to  the  cells  the  virus  was  prepared  in  (17)  and  to  the  incorporation  of  host  cell  adhesion 
proteins  into  virion  membranes  (5, 7)  may  be  involved.  Our  own  data  showing  dramatically  different 
sensitivities  to  neutralization  of  a  pair  of  related  molecularly  cloned  T  cell-tropic  and  macrophage-tropic 
viruses  prepared  in  the  same  cells  and  assayed  in  a  common  batch  of  activated  PBMCs  indicates  that  this 
phenomenom  is  genetically  determined,  related  to  tropism,  and  is  directly  determined  by  the  structure  and 
sequence  of  the  virus  Env  protein. 

Whereas  it  is  knovra  that  some  people  possess  potent  neutralizing  antibodies  against  primary  strains 
of  HIV,  such  activities  are  rare,  and  the  nature  of  the  epitopes  that  mediate  this  activity  are  generally 
unknown.  We  have  identified  multiple  human  sera  that  possess  highly  cross-reactive  anti-VlA'^2  antibodies, 
and  have  shown  that  specific  fractions  of  these  antibodies  possess  potent  neutralizing  activities  against  both 
homologous  and  heterologous  macrophage-tropic  viruses  (8, 16, 18).  Based  on  these  results,  we  have  been 
developing  a  new  approach  towards  the  development  of  an  effective  HIV  vaccine  that  involves  the  preparing 
of  a  recombinant  protein  that  expresses  the  native  V1A^2  domain  of  HIV- 1  gpl20  in  immunogenic  form.  We 
have  obtained  encouraging  results  in  rodent  immunizations  with  this  immunogen  which  indicate  that  we  can 
induce  antibodies  directed  against  highly  conserved  epitopes  in  V  W2  that  possess  potent  neutralizing 
activities  for  a  broad  range  of  primary  HIV-1  isolates.  We  have  recently  initiated  primate  immunization 
studies  with  this  immunogen.  During  the  coming  year  we  expect  to  continue  these  immunization  studies  and 
to  further  improve  the  design  of  our  immunogen. 
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PROGRESS  REPORT 

1.  Characterization  of  a  V1A^2  fusion  protein  suitable  as  a  vaccine  candidate 

Our  previous  studies  with  both  monoclonal  and  polyclonal  antibodies  have  demonstrated  the 
presence  of  epitopes  in  the  V1A^2  domain  of  HIV-1  gpl20  that  can  mediate  potent  neutralization  of 
primary  isolates  of  HIV- 1.  We  were  therefore  interested  in  determining  whether  a  vaccine  based  on 
VI  A^2  fusion  proteins  similar  to  those  described  in  the  above  studies  would  be  able  to  inducing 
crossreactive  antibodies  capable  of  neutralizing  diverse  primary  viruses.  One  difficulty  encountered 
towards  this  approach  was  that  the  VI  A^2  domain  is  highly  conformational,  and  our  initial  constructs 
contained  a  large  fraction  of  misfolded  molecules  that  failed  to  express  native  conformational  epitopes 
(21).  In  addition,  the  HXB2  sequence  initially  used  contained  a  number  of  rare  substitutions  at 
several  polymorphic  sites  in  V2,  which  resulted  in  the  presence  of  a  number  of  type-specific  epitopes 
(13,  15, 21).  We  therefore  searched  for  another  V  W2  sequence  that  contained  a  more  representative 
V2  sequence  and  which  folded  more  efficiently. 

Wang  et  al.  have  characterized  the  V1A^2  domains  of  57  HTV-l  sequences  obtained  from  a 
group  of  47  HIV-infected  individuals  (19).  Among  these  sequences  was  the  Case-A2  isolate,  obtained 
from  an  infected  infant,  that  possessed  essentially  the  North  American  clade  B  consensus  V2  sequence 
(Fig.  1).  We  have  expressed  this  V1W2  domain  as  a  gp70  fusion  protein  in  the  Celltech  pEE14 
vector  and  have  examined  its  utility  as  an  immunogen. 
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Fig.  1.  Comparision  of  the  HXB2  and  Case-A2  V2  region  sequences  with  the  most  common  sequences  in  this  region  derived  from 
a  datahasP!  of  55  North  American  isolates  shows  the  similarity  of  the  Case-A2  sequence  with  the  clade  B  consensus  sequence  in  this 
region.  The  first  and  second  most  common  residues  at  each  position  are  given,  and  frequency  of  a  particular  residue  at  a  given 
position  is  indicated  beneath  the  consensus  sequences. 


2.  Structure  of  Case-A2  V1A^2  fusion  protein 

The  Case-A2  V  W2  domain  was  expressed  as  a  fusion  protein,  joined  to  the  C-terminus  of  a 
fragment  (residues  1-263)  of  the  MuLV  gp70  protein  (9).  A  His6  affinity  signal  was  inserted  at  position  9  of 
the  gp70-derived  sequence,  thereby  allowing  a  simple  single  step  purification  on  Ni-NTA  columns  (Fig.  2). 
The  fused  gene  was  expressed  in  the  pEE14  vector;  this  vector  also  expresses  the  glutamine  synthetase  gene, 
which  allows  selection  of  transfected  cells  by  growth  in  glutamine  deficient  medium  in  the  presence  of  the 
glutamine  antagonist,  MSX.  This  vector  was  transfected  into  CHO  cells,  and  clones  producing  the  protein 
were  isolated  in  the  selecting  medium.  Positive  clones  were  identified  by  ELISA,  and  the  proteins  secreted  by 
these  cells  were  characterized  by  radioimmunoprecipitation  assays  and  SDS-PAGE. 
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CO  -  Clads  0  consensus  seouence 
00 


Fig.  2.  Structure  of  Case-A2  V  W2  fusion  protein  (p565)  used  as  immunogen.  Amino  acids  1 1 1-206  of  the  Case-A2 
VX/Vl  domain  were  fused  to  the  C-terminus  of  a  263  amino  acid  N-terminal  fragment  of  the  MuLV  SU  protein,  gp70.  A 
His6  signal  was  iserted  near  the  N-terminus  of  the  gp70  region  to  provide  an  affinity  tag  that  allows  facile  purification  of 
the  recombinant  protein  from  supernatants  of  stably  transfected  CHO  cell  lines. 


Initial  studies  have  indicated  that  the  Case-A2  VI  A^2  fusion  protein  was  folded  more 
heterogenously  than  our  initial  VI A72  fusion  protein,  derived  from  the  HXB2  sequence.  However,  more 
careful  analyses  showed  that  this  protein  was  also  present  in  at  least  two  immunologically  distinguishable 
forms  which  could  be  distinguished  by  their  reactivity  with  different  monoclonal  antibodies.  Sequential 
radioimmunoprecipitation  experiments  with  several  rat  monoclonal  anti-VlA^2  antibodies  directed  against 
linear  epitopes  showed  that  these  antibodies  recognized  a  distinct  fraction  of  the  protein.  Two  mabs,  C9B6 
and  K19B3,  directed  against  linear  epitopes  recognized  approximately  half  of  the  protein,  while  two  mouse 
mabs,  238  and  258,  directed  against  conformational  epitopes,  reacted  predominandy  with  the  other  half 
This  suggests  that  only  half  of  the  molecules  were  correctly  folded  and  presented  native  conformational 
epitopes,  while  the  other  half  was  misfolded  and  presented  only  linear  or  misfolded  epitopes.  The  fact  that 
the  monoclonal  antibodies  isolated  to  date  after  immunization  with  the  VI  A^2  fusion  protein  were  directed 
against  the  linear  epitopes  suggested  that  the  nonnative  fraction  was  more  immunoreactive  than  the  correctly 
folded  fraction  of  the  protein. 

3.  Immunizations  of  rats  with  V1A^2  fusion  proteins 

Initially  our  emphasis  was  to  determine  an  efficient  adjuvant  and  dosing  schedule  that  elicited 
an  efficient  humoral  immune  response  to  V1A^2  fusion  proteins,  in  order  to  examine  the  specificities 
and  functional  activities  of  the  resulting  antibodies.  A  number  of  2-4  month  old  female  Fischer  F344 
rats  were  immunized  with  purified  fusion  glycoproteins  expressing  the  VIA'^2  sequences  of  either 
HXB2  or  Case  A2  envelope  gpl20.  The  immunogens  were  formulated  with  either  QS21  (from  CBCX, 

Inc.)  or  RAS  MPL+TDM  (from  Ribi  Immunochemicals,  Inc.)  adjuvant  in  a  format  recommended  by 
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the  manufacturers.  Three  rats  in  each  group  were  immunized  with  immunogens  at  5  pg/rat  and  were 
boosted  in  the  same  formulation  6  weeks  later  at  a  dosage  of  Ipg/rat.  Rats  were  boosted  again  at  a  5-6 
weeks  interval  with  the  same  dosage  and  formulation  and  bled  1  week  post  each  boost,  and  analyzed 
by  ELISA  against  various  antigens. 

These  results  showed  that  the  Case  A2  V  W2-B  protein  was  a  more  effective  immunogen 
than  the  HXB2  protein.  Sera  from  both  RAS  and  QS21  adjuvant  groups  were  analysed  for  their 
crossreactivity  against  purified  envelope  proteins  derived  from  LAV,  MN  and  CM  strains,  using  equal 
amounts  of  each  envelope  protein  (not  shown).  In  general,  the  group  immunized  with  Case  A2 
immunogen  produced  higher  titers  and  better  crossreactivity  than  those  immunized  with  the  HXB2 
protein.  All  three  rats  immunized  with  the  Case-A2  protein  produced  antibodies  that  crossreacted  with 
LAV  gpl20,  and  several  of  the  immunized  animal  sera  demonstrated  appreciable  titers  to  MN  gpl20. 
These  results  indicated  that  despite  the  purported  hypervariability  of  the  V  W2  region,  the  Case-A2 
immunogen  was  able  to  produce  respectable  titers  against  unrelated  gpl20s  that  contained  a 
heterologous  V1A^2  sequence.  Furthermore,  since  the  gpl20s  used  was  presumably  correctly  folded 
material  produced  in  CHO  cells,  the  crossreactive  anti-Vl  A^2  antibodies  present  in  the  immune  rat 
sera  were  apparently  recognizing  conserved,  native  epitopes  in  this  domain. 


4.  Epitope  specificity  of  anti-VlA^2  antibodies  induced  by  Case-A2  V1A^2  fusion  proteins 


Western  blots  assays  indicated  that  the  sera  of  some  rats  immunized  with  V\N2  fusion 
proteins  contained  antibodies  that  reacted  with  denatured  V1A^2  fusion  proteins.  In  order  to  map  the 
epitopes  recognized  by  these  antibodies,  a  set  of  1 5-mers  that  overlapped  by  approximately  5  residues 
and  that  represented  the  entire  Case-A2  V  W2  sequence  were  synthesized  (Fig.  3).  ELISA  assays 
with  these  peptides  showed  that  five  of  seven  rats  immunized  twice  with  the  immunogen  the  linear 
epitopes  recognized  were  localized  to  a  single  peptide,  peptide  7,  that  corresponded  to  the  most  highly 
conserved  region  of  the  V2  domain.  Two  other  rats  immunized  seven  times  with  the  Case-A2 
immunogen  also  recognized  only  this  peptide.  In  contrast,  a  screen  of  100  sera  of  HIV-infected 
ffumans  identified  only  one  that  reacted  with  this  peptide.  This  suggested  that  this  sequence,  while 
highly  conserved,  was  not  very  immunogenic  when  expressed  during  HIV  infection,  but  was 
immunogenic  when  presented  as  the  Case-A2  fusion  protein. 
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Fig.  3.  The  linear  epitope  recxjgnized  by  rats  immunized  with  Case-A2  VIA/2  fusion  protein  maps  to  the  conserved  V2  domain  that 
contains  known  neutralizing  epitopes 

Peptide  analogues  of  the  reactive  sequence  were  prepared  in  large  scale,  to  allow  further 
characterization  of  the  antibodies  induced  against  this  sequence.  To  increase  peptide  solubility  and  to 
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facilitate  the  immobilization  of  the  peptide  two  additional  lysine  residues  were  introduced  at  the  N- 
terminus,  followed  by  two  naturally  occurring  threonines.  The  resulting  peptide  was  called  T15K,  and 
has  the  sequence  kkTTSIRDKVQKEYALFYK.  The  specificities  of  the  antibodies  recognizing  this 
peptide  epitopes  were  further  defined  by  analyzing  a  series  of  N-terminal  and  C-terminal  truncations 
of  the  T15K  peptide  (Fig.  4).  Peptides  that  expressed  the  epitope,  as  defined  by  retention  of  reactivity 
by  the  majority  of  rat  sera,  are  indicated  in  red.  Deletion  of  the  C-terminal  lysine  did  not  affect  the 
epitope,  while  deletion  of  an  additional  two  hydrophobic  residues,  phenylalanine  and  tyrosine,  resulted 
in  a  reduction  of  binding,  and  deletion  of  an  additional  leucine  resulted  in  loss  of  recognition  by  all  but 
one  serum.  N-terminal  deletions  of  the  two  threonines  retained  reactivity,  while  further  deletion  of 
serine  and  isoleucine  led  to  the  complete  loss  of  reactivity  of  both  sera.  Thus,  the  minimal  epitopes 
recognized  were  located  in  the  sequence  (S)IRDKVQKEYAL(FY),  with  a  decreased  or  unknown 
effect  of  the  terminal  residues  in  parentheses.  Interestingly,  this  sequence  partially  overlapped  with 
the  homologous  peptide  determinant  (STSIRGKV)  of  the  strongly  neutralizing  C108G  MAb  (20), 
suggesting  that  this  region  may  also  be  a  neutralization  epitope. 


Peptide 

Sequence 

OD405 

C-terminal  deletions 

Aveoftirats  (range) 

T15K 

kkTTSIRDKVQKEYALFYK 

1.34 

(0.91-1.92) 

pepl 

kkTTS IRDKVQKEYALFY 

0.86 

(0.49-1.53) 

pep2 

kkTTS IRDKVQKE YAL 

0.59 

(0.02-1.40) 

pep2a 

kkTTS IRDKVQKEYA 

0.35 

(0.02-1.38) 

pep3 

kkTTS IRDKVQKE Y 

0.23 

(0.02-0.81) 

N-terminal  deletions 

pep4 

kk—S  IRDKVQKE  YALFYK 

0.99 

(0.02-1.40) 

pep5 

kk - RDKVQKEYALFYK 

0.24 

(0.02-0.94) 

pep6 

kk - DKVQKEYALFYK 

0.09 

(0.02-0.38) 

C108G 

STSIRGKV 

Fig.  4.  Epitope  mapping  of  lat  antibodies  directed  against  the 

V2  peptide  T15K.  Elisas  were  performed  with  serum  dilutions  of 

1:100. 

5.  Neutralization  activities  of  anti-VlA^2  antibodies  produced  by  immunized  rats 

Preliminary  experiments  indicated  that  the  sera  of  all  of  the  immunized  rats  possessed 
neutralization  activities  against  a  number  of  HTV-l  isolates.  In  order  to  evaluate  the  role  and  potency 
of  the  anti-VlA^2  antibodies  present  in  these  sera,  and  to  eliminate  background  effects  to  nonspecific 
components  present  in  the  rat  sera,  the  immunoglobulins  were  sequentially  fractionated  by  affinity 
chromatography  on  several  antigen  columns  (Fig.  5).  The  serum  was  first  absorbed  on  a  column 
containing  immobilized  gp70  fragment,  to  remove  the  irrelevant  anti-gp70  antibodies.  The  residual 
antibodies  were  then  absorbed  on  a  T15K  peptide  column,  and  specifically  bound  antibodies  were 
eluted  sequentially  with  pH  3  buffer,  pH  1  buffer,  and  buffer  containing  the  denaturant  5M  GuHCl. 

The  unabsorbed  flow-through  of  this  column  was  then  fractionated  on  a  Case-A2  Y\IW2  fosion 
protein  column,  and  specifically  bound  antibodies  eluted  by  the  same  set  of  eluants.  In  this  way,  we 
were  able  to  separate  the  peptide-specific  antibodies  from  additional  antibodies  that  may  be  reactive 
with  conformational  epitopes. 

Specifically  bound  antibodies  were  eluted  from  each  column.  F or  the  serum  of  one  rat 
immunized  seven  times  at  roughly  monthly  intervals  a  total  of  1.4  mg  of  antibody  was  recovered.  The 
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Fig.  5  Analysis  of  specific  anti-Vl/V2  antibody  fractions  of  immune  rat  serum  sequentially  eluted  from  V1/V2  affinity  column 
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majority  of  this  antibody  (63%)  was  directed  against  the  gp70-derived  sequences,  about  24%  was 
directed  against  the  T15K  V2  peptide  and  13%  against  conformational  V  W2  epitopes.  Interestingly, 
a  similar  fractionation  of  the  serum  of  another  rat  immunized  only  twice  gave  a  higher  percentage  and 
yield  of  antibodies  against  the  conserved  conformational  epitopes,  suggesting  that  the  efficiency  of 
these  immunizations  would  be  improved  by  more  appropriate  timing  of  boosts.  The  neutralizing 
activities  of  these  samples  were  compared  to  those  of  the  starting  serum  and  protein  G-purified  IgG 
sample. 


The  VI  A^2-specific  antibodies  possessed  potent  neutralization  activities  for  a  number  of 
primary  macrophage-tropic  viruses  (Fig.  6).  The  GuHCl  eluate  of  the  V1A^2  fusion  protein  column 
had  the  most  potent  activity,  but  the  pH3  eluate  of  the  T15K  also  had  significant  neutralizing  activity. 
These  antibody  fractions  neutralized  a  number  of  all  primary  viruses  assayed,  including  primary 
isolates  of  clades  B,  C,  D  and  E.  In  each  case  the  anti-VW2  antibodies  were  approximately  10-fold 
more  potent  that  the  anti-T15K  peptide  antibodies;  ND50  values  were  in  the  range  of  0.03-0.24  pg/ml 
for  the  anti-Vl  A^2  antibodies  (with  the  exception  of  Th024E,  for  which  an  ND50  was  not  obtained) 
and  in  the  range  of  <0.8-12  pg/ml  for  the  anti-T15K  peptide  antibody  fraction.  As  an  example,  these 
antibody  fractions  neutralized  a  primary  clade  D  isolate  from  Uganda,  Ug005-D  with  ND90  values  of 
1.4  mg/ml  for  the  T15K  antibodies  and  0.20  mg/ml  for  the  GuHCl  eluate  of  the  V1A^2  column. 

In  addition  to  the  viruses  shown  in  this  figure,  the  GuHCl  eluate  of  the  VIA'^2  fusion  protein  column 
also  neutralized  a  clade  B  clinical  isolate,  US716B  (10),  with  an  ND50  of  0.03  m^ml,  while  the  T15K 
pH3  eluate  also  was  able  to  neutralize  this  virus,  but  with  about  an  order  of  magnitude  lower  potency 
(ND50  of  <.80  mg/ml). 
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Rg.  6.  Neutralization  curves  for  rat  antibodies  recovered  from  V  W2  affinity  columns  tested  against  primary  HIV-1 
isolates  of  multiple  clades.  Curves  in  blue  are  for  antibodies  recovered  in  the  5M  GuHCi  eluate  of  the  Case-A2 
VIA/2  coiumn,  while  curves  in  red  are  for  the  pH  3  eiuate  of  the  T15K  peptide  coiumn 
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We  have  started  to  immunize  rhesus  macaques  with  our  purified  Case-A2  V1A72  fusion 
protein.  These  experiments  are  being  performed  in  collaboration  with  Dr.  Mark  Lewis  of  the  Henry 
M.  Jackson  Foundation,  using  animals  that  are  housed  at  the  Frederick  Cancer  Center.  Dr.  Lewis  has 
an  NIAID-funded  contract  to  perform  such  vaccine  evaluations,  and  the  NIH  is  covering  all  of  the 
animal  costs,  as  well  as  Dr.  Lewis’  expenses. 

To  date,  three  animals  have  been  immunized  with  the  Case-A2  VI  A^2  fusion  protein,  and  one 
animal  with  a  control  immunogen  consisting  of  the  gp70-derived  portion  of  the  fusion  protein,  p621. 
The  antigens  were  formulated  with  Ribi  RAS  adjuvant  and  administered  by  subcutaneous  injection  at 
an  initial  dose  of  5  pg/Kg,  followed  by  a  boost  after  1  month  at  a  dose  of  1  pg/Kg.  Bleeds  were  taken 
at  the  day  of  and  one  week  after  the  initial  immunization,  and  at  weekly  intervals  following  the  boost. 
Antibodies  reactive  with  the  immunogen  were  detected  after  the  first  boost.  For  the  animal 
immunized  with  the  gp70  fragment  (p621)  these  antibodies  were  specific  for  the  p621  protein,  while 
the  three  animals  immunized  with  the  VI  A^2  protein  produced  antibodies  directed  against  both  the 
gp70  portion  and  the  VI AA2  domain. 

These  antibodies  were  further  characterized  by  absorption  of  the  gp70-specific  fraction  on  a 
gp70  column  followed  by  ELISA  against  several  V  W2  fusion  proteins.  As  shown  below  (Fig.  7)  for 
the  animal  immunized  with  the  gp70  fragment  (p621)  these  antibodies  were  all  absorbed  on  an  affinity 
column  containing  the  immobilized  p621  protein.  For  the  three  animals  immunized  with  the  VI  A^2 
fusion  protein,  the  p621-absorbed  antibodies  retained  reactivity  for  the  Case-A2  V  W2  protein,  but 
not  for  the  p621  gp70  fragment.  All  three  of  these  sera  recognized  two  heterologous  proteins  in 
addition  to  the  Case-A2  sequence,  a  Brazilian  clade  protein  (p580)  and  a  Thai  clade  E  protein  (p599). 
The  titers  were  higher  for  the  autologous  immunogen  than  for  the  nonautologous  proteins,  and  lowest 
for  the  more  distant  clade  E  protein.  However,  this  crossreactivity  demonstrated  that  these  macaques 
were  producing  a  fraction  of  antibodies  directed  against  highly  conserved  VlA/^2  epitopes,  in  addition 
to  antibodies  restricted  for  the  Case-A2  and  related  clade  B  proteins.  Sera  from  the  animal  with  the 
highest  titer,  #7026,  also  reacted  weakly  with  the  T15K  peptide. 


These  immunizations  are  continuing,  and  we  expect  the  antibody  titers  to  increase  with  time. 
Additional  characterizations  of  the  epitope  specificity  of  the  resulting  sera  will  be  performed,  and  the 
neutralizing  activities  of  the  sera  and  specific  antibodies  isolated  from  these  sera  will  be  evaluated,  as 
described  above  for  the  rat  sera. 
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Serum  dilution 


p621: 

gp70  carrier 

p565: 

NA  Cons,  clade  B  -  V1A^2  fusion  protein 

p580: 

Thai  clade  E  -  V  W2  fusion  protein 

p599: 

Brazilian  clade  B  -  V1A^2  fusion  protein 

—m— 

T15K  synthetic  peptide 

Fig.  7.  Cross-clade  immunoreactivity  of  sera  of  macaques  immunized  with 
either  a  gp70  fragment  (p621)  or  gp70-  Case-A2  V1A^2  fusion  protein  (p565) 
Sera  were  obtained  2  weeks  post  second  immunization  (week  6),  depleted  on 
p621  affinity  column,  and  tested  against  various  purified  VW2  fusion 
glycoproteins  and  the  T15K  peptide  by  direct  ELISA. 

(OT4-276) 
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CONCLUSIONS 

These  studies  have  confirmed  the  potency  of  antibodies  against  native  epitopes  in  the  V1A^2 
domain,  and  have  demonstrated  that  our  Case-A2  V1A^2  fusion  protein  is  capable  of  inducing  such 
antibodies.  However,  the  yield  of  this  class  of  antibodies  has  been  low,  while  the  majority  of  the 
antibodies  produced  were  directed  against  epitopes  that  do  not  mediate  neutralization  and  that  may  be 
carried  on  non-native  forms  of  the  immunogen.  Our  challenge  is  to  learn  how  to  modify  the 
immunogen  and/or  immunization  protocols  so  that  the  focus  of  the  immune  response  is  directed 
against  the  neutralizing  targets. 

During  the  coming  year  we  shall  extend  these  studies  in  the  following  directions. 

1-  We  shall  continue  immunogenicity  studies  with  our  current  V1/V2  prototype  vaccine  in 
rodents  and  macaque  models.  The  rat  studies  will  allow  us  to  quickly  evaluate  different  immunogen 
and  adjuvant  combinations,  and  to  isolate  additional  monoclonal  antibodies  against  specific  V1/V2 
epitopes.  The  macaque  model  has  several  advantages.  First,  it  is  important  to  determine  whether 
primates  exhibit  a  similar  humoral  response  to  this  immunogen,  before  trials  in  humans  can  be 
considered.  The  macaque  model  will  allow  us  to  test  this,  and  also  allow  the  evaluation  of  the 
protective  effects  of  these  immune,  using  appropriate  SHIV  challenges.  This  animal  model  will  allow 
the  determination  of  the  most  effective  adjuvants  for  inducing  these  antibody  responses,  and  may  also 
allow  the  determination  of  whether  these  vaccines  induce  CTL  responses.  Secondly,  a  difficulty  in 
fully  evaluating  the  activities  of  the  immune  rat  sera  is  the  limited  amounts  of  sera  that  can  be  obtained 
from  these  animals.  The  macaques  are  much  larger  animals,  and  can  therefore  provide  sufficient 
antisera  for  multiple  analyses  and  fractionations,  by  ourselves  as  well  as  by  independent  laboratories. 
The  macaques  being  used  in  these  experiments  are  being  provided  by  an  NIAID-funded  program. 

This  has  allowed  us  to  rebudget  the  fUnds  originally  intended  for  primate  studies  towards  supporting 
additional  personnel  to  work  on  optimizing  antigen  design. 

We  will  repeat  the  studies  described  above  in  larger  scale  and  in  additional  animals,  to  fully 
characterize  the  potency  and  breadth  of  neutralizing  activity  of  the  anti-Vl/V2  antibodies  induced  by 
the  Case-A2  V1/V2  immunogen,  and  to  see  how  common  such  responses  are.  If  antibodies  with 
similar  activities  can  be  induced  in  monkeys,  this  will  facilitate  the  production  of  sufficient  quantities 
of  sera  to  carry  out  large  scale  assays  against  multiple  isolates,  including  a  broad  range  of  clinical 
isolates  and  non-clade  B  viruses.  Newer  immunogens  we  anticipate  to  test  will  include  V1/V2 
constructs  derived  from  non-clade  B  sequences  and  modified  immunogens  in  which  the  gp70 
sequences  have  been  removed  and  replaced  with  appropriate  T  helper  epitopes.  We  also  expect  to 
initiate  studies  of  composite  immunogens,  including  mixtures  of  different  V1/V2  sequences  and 
immunogens  containing  both  V1/V2  and  V3  sequences  linked  in  several  ways.  Depending  on  the 
results  of  the  epitope  mapping  studies  designed  to  distinguish  neutralizing  from  non-neutralizing 
epitopes,  we  may  also  be  able  to  design  and  test  second  generation  immunogens  which  have  been 
optimized  for  the  retention  of  neutralization  epitopes 

2-  Additional  future  directions  we  intend  to  take  this  study  include  the  improvement  of  the 
Case-A2  V1/V2  immunogen  to  focus  the  humoral  responses  towards  the  conformational  epitopes  that 
induce  the  most  potent  neutralizing  responses.  This  will  involve  evaluation  of  alternate  strategies  to 
either  remove  or  modify  the  gp70-derived  fusion  sequences,  to  avoid  the  generation  of  antibodies 
against  the  carrier  sequences.  More  importantly,  our  studies  have  shown  that  the  V1/V2  domain  is  an 
immunologically  complex  structure.  The  most  potently  neutralizing  antibodies  are  directed  against  the 
conserved  conformational  epitopes,  and  these  are  the  most  relevant  ones  for  protection.  A  second 
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class  of  antibodies  are  directed  against  the  T15K  V2  linear  epitope.  Whereas  these  also  neutralize 
many  viruses,  they  are  less  potent.  One  possibility  is  that  mutating  this  sequence  may  increase  the 
immunogenicity  of  the  conformational  epitopes.  Previous  studies  with  monoclonal  antibodies  to 
V  W2  have  shown  that  most  of  these  have  little,  if  any  neutralizing  activity.  Such  antibodies,  if 
present  in  excess  may  be  deletorious,  since  they  may  block  the  interaction  of  the  neutralizing 
antibodies,  thereby  inhibiting  their  activities.  Finally,  we  have  found  in  some  human  sera  the  presence 
of  anti-VlA^2  antibodies  that  actually  enhance  the  infection  by  some  strains  of  HIV- 1.  Such 
antibodies  could  be  harmful  if  induced  in  response  to  immunization. 

We  are  currently  performing  mutagenesis  studies  of  our  V1/V2  fusion  protein  to  define  the  role 
of  individual  residues  in  determining  folding,  immunoreactivity  and  immunogenicity  of  this  protein. 
Ideally,  we  would  like  to  map  the  different  classes  of  epitopes.  This  would  allow  us  to  hopefully 
modify  the  immunogen  so  that  the  deletorious  epitopes  are  eliminated,  while  retaining  and  perhaps 
enhance  the  immunogenicity  of  the  protective  epitopes.  The  broad  crossreactivity  and  potent  cross- 
neutralizing  activities  we  have  been  able  to  induce  in  rodents  with  our  current  vaccine  is  very 
encouraging,  and  suggests  that  this  vaccine,  and  improved  versions  derived  from  the  current 
immunogen,  may  induce  protective  responses  in  humans  as  well. 
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